The present study aims to develop biologically sound and parsimonious 2 site index models for Norway to predict changes in site index under different climatic 3 conditions. The models are constructed using data from the Norwegian national 4 forest inventory (NNFI) and climate data from the Norwegian meteorological 5 institute. Site index was modeled using the potential modifier funtional form, with 6 a potential component (POT) depending on site quality classes, and two modifier 7 components (MOD): temperature, and moisture. Each of these modifiers was based 8 on a portfolio of candidate variables. The best model for spruce dominated stands 9 included temperature as modifier (R 2 = 0.56). In the case of pine and deciduous 10 dominated stands, the best models included both modifiers (R 2 of 0.40 and 0.54, 11 for temperature and moisture respectively). We illustrate the use of the models by 12 analyzing the possible shift in SI for year 2100 under one (RCP4.5) of the benchmark 13 scenarios adopted by the IPCC for its fifth Assessment Report. The models presented 14 can be valuable for evaluating the effect of climate change scenarios in Norwegian 15 forest. 16 Quantification and prediction of stand productivity is a key question in forest research, 20 with evident implications in forest planning. The productivity of a given area has traditionally 21 been estimated by measuring the height of dominant trees at a given age. This value, known 22 as site index (SI), is assumed to be a valid surrogate for the potential productivity of a 23 particular site. Site index is widely used as a measure of site quality as it can be estimated 24 from direct measurements of height and age, and it is a good predictor of volume growth and 25 yield (Weiskittel et al., 2011). Site index is also a prevalent key predictor in most traditional 26 growth and yield models. 27 The site index reflects inherent site characteristics, such as soil and climate, which are 28 directly related to forest productivity. Except in the case of intensively managed stands (e.g. 29 plantations subject to irrigation or fertilization) site index is generally assumed to remain 30 constant through time (Assmann, 1970), as average soil and climatic variables have been 31 assumed to remain stable. Therefore, many approaches oriented towards the estimation of site 32 index include topographic or locational variables (e.g. slope, latitude, altitude) that relate to 33 climate and soil conditions, providing good accuracy in the estimates.
parameter (µ). To bound the Weibull function between 0 and 1, we added a scaling factor 186 (1/ξ) which multiplied the whole function and was calculated as the maximum value of the 187 function, and we redefined X as
Thus, (X − µ) will never be negative, and values of X below µ will result in the modifier 189 taking a value of 0. 194 Finally, the models were assessed in order to identify which modifiers, and in which combination, resulted in a better model. The assessment was based in the Akaike information criterion, AIC, (Akaike, 1974) , and BIC (Schwarz, 1978) , and the proportion of variance explained by the model relative to that explained by the simple mean of the data, adjusted by the sample size (n) and the number of regressors (p):
D r a f t algorithm, with or without bounded searches. The temperature and precipitation outcomes from the multimodel ensemble for RCP4.5 203 have a 0.5 degree spatial resolution. Since the source and resolution of these data are differ-204 ent from the ones used for fitting the models (MET7908), we estimated the 30-years monthly 205 average temperature at each plot for the 2071-2100 period as the sum of MET7908 and the pro-206 jected change according to RCP4.5. We calculated the projected change according to RCP4.5 207 as the difference between the average monthly temperature for the 1979-2008 period available 208 from RCP4.5 and the 2071-2100 monthly average from RCP4.5. We used the estimates of the 209 30-years monthly averages for the 2071-2100 period, calculated as the sum of MET7908 and D r a f t ual standard error and coefficient of determination R 2 ) of the linear tail-restricted cubic splines 229 revealed that water surplus in June outperformed all variables. Therefore, we selected moisture 230 surplus in June (MSJ), defined as the difference between 30-year average precipitation in June 231 and average potential evapotranspiration in June.
232
The preliminary analysis determined the parameters that varied with SQ and the most 233 adequate functional form for each modifier and for each species. We assessed graphically the 234 need to make each parameter dependent on the SQ group. Table 2 shows the two modifiers D r a f t D r a f t climate conditions, thus providing a solid empirical basis for the models presented.
287
The models presented precision levels similar to other recent studies of SI prediction using D r a f t having to select heuristically some of the parameters. Other interesting approach to model the 317 effects of biophysical factors on tree growth is to model the effect of biophysical factors on the 318 potential tree height as it is done in SILVA (Pretzsch et al., 2002) . This approach, however, 319 requires data on dominant height, which is neither currently recorded by the NNFI nor is 320 available from experimental plots in a representative scale for Norwegian conditions. 321 Our results show that SI increases with temperature. Due to interaction effects between 322 temperature and site quality, the increase becomes more pronounced with increasing site qual-323 ity. This results are congruent with Sigurdsson et al. (2013) , who found that the effect of 324 increase on temperature or CO2 on mature Norway spruce in the boreal zone was not evident 325 unless nutrient availability was improved. Our results are also consistent with Pretzsch et al.
326
(2014) findings that growth acceleration, likely due to climate change, for Norway spruce since 327 1960 in Central Europe is stronger in more fertile sites.
328
The effects of the variables included in the final version of the models were logical and 329 in line with previous studies. In Norway, Andreassen et al. (2006) D r a f t Fig. 3 . Maps of the distribution and range of the temperature and moisture variables included in the models. The maps are interpolations of the climatic data at the plots, masked to show only productive forest area in Norway. TSUM (in • C) is the sum of the 30-year average temperatures in April, May, and June. MSJ (in mm) is the moisture surplus in June, defined as the difference between 30-year average precipitation in June and average potential evapotranspiration in June. 
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